Aims/hypothesis. The development of insulin resistance may contribute to the occurrence and progression of the metabolic syndrome associated with obesity. Components contributing to the insulin pathway and its regulation are good candidates for the molecular study of metabolic syndrome pathogenesis. Protein tyrosine phosphatase 1B (PTP 1B) is an important negative regulator of insulin. We investigated whether PTP 1B SNPs are associated with obesity and obesityrelated traits as well as global metabolic syndrome in morbidly obese subjects. Methods. Untranslated and coding regions of the PTP 1B gene were screened in groups of non-diabetic and diabetic obese subjects and in non-obese subjects. Unrelated morbidly obese (n=711) and non-obese (n=427) French Caucasian subjects were genotyped for a case-control study. Results. Six SNPs were identified: two rare variants were located in 5′UTR (−109 C>T and −69 C>T), two
in the intronic regions (IVS3+38 G>T and IVS5+ 3666delT) and two have been described previously (P303P in exon 8 and P387L in exon 9). A case-control study showed an association between the frequent IVS5+3666delT SNP and obesity (p=0.02). In the obese group, associations between PTP 1B SNPs and features of dyslipidaemia were found. P303P was associated with lower apolipoprotein A1 levels (p=0.05) whereas P387L was associated with higher triglyceride (p=0.0003), apolipoprotein B (p=0.09) and lipoprotein a concentrations (p=0.006). Conclusions/interpretation. Our results support the hypothesis that the PTP 1B gene contributes to the polygenic basis of obesity. PTP 1B SNPs may interact with environmental factors to induce more severe phenotypes, e.g. atherogenic dyslipidaemia, in morbidly obese subjects.
Keywords Association study · Insulin · Metabolic syndrome · Obesity · PTP 1B · Single nucleotide polymorphisms Introduction A clustering of several cardiovascular risk factors, comprising, in particular, obesity, as well as Type 2 diabetes, hypertension and dyslipidaemia, is described as metabolic syndrome. The presence of these metabolic diseases is highly associated with increased cardiovascular mortality in large human populations [1] . Many studies suggest that the development of obesityassociated insulin resistance may contribute to the occurrence and progression of metabolic syndrome [2, 3, 4, 5] . Components contributing to the insulin pathway and its regulation are good candidates for the molecular study of the pathogenesis of metabolic syndrome.
The binding of insulin to the insulin receptor involves its autophosphorylation on three critical tyrosine residues located in the β subunit tyrosine kinase regulatory domain. Insulin receptor activation triggers phosphorylation cascades of various substrates. IRS-1 is one of the main substrates targeted by insulin receptor activation [6, 7] . The reversible phosphorylation of tyrosyl residues is a key process that modulates intracellular insulin signalling.
As it catalyses insulin receptor and IRS-1 dephosphorylation, protein tyrosine phosphatase 1B (PTP 1B) is a negative regulator of insulin action [8, 9, 10] . Mice deficient in PTP 1B exhibit increased insulin receptor phosphorylation and higher insulin sensitivity in liver and skeletal muscle [11, 12] but not in white adipose tissue. These PTP 1B-invalidated mice are resistant to weight gain when fed a high-fat diet [11] . Decreased lipogenesis and adiposity were described in obese ob/ob mice treated by PTP 1B antisense oligonucleotide [13] . Lower adiposity in these mice was associated with a down-regulation of sterol regulatory element binding protein 1 (SREBP-1), a transcription factor involved in glycolysis, lipogenesis and adipogenesis [14] . PTP 1B up-regulates SREBP-1 gene expression in hepatocytes via increased phosphatase 2A, thus mediating hepatic lipogenesis [15] . PTP 1B could thus be involved in the polygenic basis of obesity, metabolic syndrome and related disorders in humans via its role in the modulation of insulin sensitivity and energy metabolism.
In humans, the PTP 1B gene is located on the 20q13.1-13.2 chromosomal region, a locus linked to obesity and Type 2 diabetes in French Canadians [16, 17] . Association studies showed that rare single nucleotide polymorphisms (SNP) in the PTP 1B gene were associated with Type 2 diabetes in Danish [18] and Canadian [19] subjects and with features of insulin resistance in healthy, normal-weight Italians [20] . No study has analysed PTB 1B gene SNPs in morbidly obese subjects that are characterised by a high occurrence of diseases associated with metabolic syndrome.
We hypothesised that polymorphisms in the PTP 1B gene could be associated with morbid obesity and/or obesity-related traits such as insulin resistance, Type 2 diabetes, hypertension and dyslipidaemia, as well as general metabolic syndrome. In this study, we present the genetic molecular screening of the PTP 1B gene in diabetic and non-diabetic obese French patients as well as association studies of identified SNPs in morbidly obese Caucasian subjects.
Subjects and methods
Subjects involved in the primary screening. To maximise the detection of SNPs related to human metabolic diseases, PTP 1B gene screening was done first in three selected groups. Subjects involved in the genetic association study. A case-control study of obesity was carried out first on 711 severely obese, unrelated Caucasians and 427 non-obese, non-diabetic, unrelated subjects (Table 1) . Within the obese group, an association study between the PTP 1B SNPs and qualitative and quantitative traits was also done. Obese subjects were randomly chosen from a panel of 1000 obese French patients collected for the study of genetic determinants of obesity on the basis of a BMI above 40 kg/m 2 . Obese Caucasian subjects were recruited firstly from the Nutrition Department of Hôtel-Dieu hospital (France) and secondly through a French media campaign via a toll-free number [21] . Our purpose was to eliminate possible selection bias introduced by hospital-based collection of obese patients, who are more likely to be seen in a hospital if they also have an associated co-morbidity. For all the subjects, the complete medical history of each patient was obtained by questionnaire. Diagnosis of Type 2 diabetes was based on 1997 American Diabetes Association (ADA) criteria. Diagnosis of hypertension and dyslipidaemia were based on hypotensive or hypolipidaemic treatments respectively and/or on WHO criteria [22] . WHO criteria were used to define metabolic syndrome as: insulin resistance or Type 2 diabetes and the presence of at least two of the following criteria: abdominal obesity (WHR>0.9 or BMI≥30 kg/m 2 ), dyslipidaemia (serum triglycerides ≥1.7 mmol/l or HDL-cholesterol <0.9 mmol/l), hypertension (≥160/90 mm Hg), or microalbuminuria. Despite the different modes of recruitment, no difference was observed between obese patients recruited by the Nutrition department and those recruited by the media campaign.
Healthy control subjects were selected from French Caucasians participating in the prospective SU.VI.MAX study [23] . SU.VI.MAX (SUpplementation en VItamines et Minéraux AntioXidants) was a randomised, double-blind, placebo-controlled, primary-prevention trial designed to test the Results are given as means ± SD; na: data not available efficacy of daily supplementation with antioxidant vitamins and minerals at nutrition-level doses in reducing mortality and the incidence of cancers and ischaemic heart diseases in a French general adult population. Subjects enrolled in the study were followed for up to 8 years with yearly visits. In this population, the knowledge of the weight history of patients in the control group was obtained by questionnaire and regular weight measurements. Using the weight records, we were able to select people who had never been obese. This group was thus composed of thin and healthy subjects and may represent a supranormal control group. The appropriate ethics committee (CCP-PRB Hôtel-Dieu and Cochin Hospital) approved the study protocol. Written informed consent was obtained from all subjects.
Laboratory tests. Biochemical variables were measured after an overnight fast. Glycaemia (mmol/l), triglyceridaemia, total and HDL cholesterolaemia (mmol/l) and apolipoprotein B and A1 levels (g/l) were measured enzymatically. Insulinaemia (mU/l) was measured immunologically (IRMA, Immunotech, BioRad-Pasteur IRMA, France). Insulin sensitivity was evaluated using the HOMA index [24] .
SNP detection by PCR-SSCP and direct sequencing. DNA was extracted from EDTA whole-blood samples using the Puregene kit (Gentre, Minneapolis, Minn., USA). The ten coding exons of the PTP 1B gene were amplified separately by selected primer pairs including intron-exon junctions ( Table 2 ). All PCRs were carried out in a final reaction volume of 25 µl, containing 100 ng of human genomic DNA, 2.5 µl 10× amplification buffer, 200 µmol/l of dNTP, 12.5 pmol of each primer and 0.5 units of Taq polymerase Gold (Applied Biosystems, Paris, France). PCR reactions were done according to the following protocol: denaturation for 12 minutes at 94°C, followed by 35 cycles of denaturation (94°C, 40 s), annealing (40-s sequences, annealing temperatures for each primer set given in Table 2 ), extension (72°C, 40 s) and a final 12-min extension at 72°C. PCR samples were analysed by Single Strand Conformation Polymorphism (SSCP) [25] . Each exon presenting a "shift" after SSCP gel migration was directly sequenced in both directions using a LICOR 400 automated sequencer (LiCor Sciencetec, Courtaboeuf, France).
SNP genotyping by PCR-RFLP.
Genotyping of obese and nonobese subjects was done using the PCR-RFLP method and repeated twice for each sample. PstI, HhaI, EarI, DdeI and BslI restriction enzymes (New England Biolabs, Mass., USA) were used to study −109 C>T, −69 C>T, IVS5 +3666delT, P303P and P387L SNPs respectively.
Statistical analysis. Statistics were done with JMP software (SAS Institute, Cary, N.C., USA). Hardy-Weinberg's equilibrium was tested with the chi square test. Categorical variables were compared between groups using the chi square test. Continuous clinical and biological variables were analysed using either one-way analysis of variance or Wilcoxon and KruskalWallis tests depending on the shape of the distribution curves. For distribution that was positively skewed, a log power transformation was applied for the tests. Clinical and plasma biological data were adjusted for age, sex and BMI when necessary. In each test, a p value of less than 0.05 was considered statistically significant. Haplotype reconstruction was done from population genotype data, using the PHASE program [26] . Then, linkage disequilibrium (LD) and the standardised LD coefficient between pairs of SNP (D′) were calculated using ARLEQUIN software (http://anthro.unige.ch/arlequin). Statistical significance was assessed by p values of the exact test of LD [27] .
Results
Mutation analysis of the PTP 1B gene. Exons of the PTP 1B gene were amplified and sequenced, including the 5′ untranslated region (UTR) from position −179 before the translation start site and the 3′UTR to position +152 after the stop codon. Six variants were identified (Fig. 1) . Four variants were new SNPs located either in 5′UTR, −109 C>T and −69 C>T, or in intronic regions, IVS3+38T>G and IVS5+3666delT. The two other variants were described previously as a silent P303P (CCC→CCT in exon 8) and a missense P387L (CCA→CTA in exon 9) mutation.
Case-control study. Genotypes and allelic frequencies of five PTP 1B SNPs are presented in Table 3 . All . When considering only nondiabetic obese subjects (n=440), the association was similar (data not shown). Calculation of the retrospective power for IVS5+3666delT case-control study showed an allelic frequency of 36% in the obese group compared with the control group, with a statistical power of 0.8 and a type error of 0.05 (two-sided). The variant alleles of −109 C>T, P303P and P387L SNPs also showed increased allelic frequencies in the obese group compared with the non-obese group but the difference was not statistically significant (Table 3) .
IVS5+3666delT and P303P SNPs were in linkage disequilibrium (D′>0.655, p<0.001) as were P303P and P387L SNPs (D′>0.422, p<0.001), although these alleles are quite rare. Haplotype analysis was carried out for the most frequent SNPs, IVS5+3666delT and P303P (C>T). The four corresponding haplotypes (T-C, delT-C, delT-T and T-T) accounted for more than 98.5% of all chromosomes. Differences in haplotype frequencies were observed between the obese and the control group (T-C: 65.4% vs 74.6%; delT-C: 27.3% vs 21.2%; delT-T: 6.4% vs 3.5% and T-T: 0.9% vs 0.7%; p=0.005). As expected, the two haplotypes including the +3666delT allele, delT-C and delT-T were increased in the obese group and so associated with obesity.
Associations of PTP 1B gene SNPs with metabolic syndrome traits.
We further evaluated the influence of PTP 1B SNPs on the development of obesity-related phenotypes in obese patients. All traits were first analysed qualitatively and separately considering the diabetic, hypertensive and dyslipidaemic status of obese patients. Particular attention was taken to avoid potential confounding effects by checking homogeneity of age, sex and BMI in the subgroups. Analyses were adjusted when necessary. No association was observed with Type 2 diabetes, hypertension and dyslipidaemia (data not shown). The obese group was further stratified according to metabolic syndrome status. Again, no association was found for all SNPs.
When quantitative data were analysed, we excluded patients treated for Type 2 diabetes, hypertension and dyslipidaemia. To avoid possible selection bias, we evaluated genotypes and allelic frequencies in each truncated group. We found no differences in allelic or genotype frequencies and so consider that the selected group was representative of the whole obese group (data not shown). P303P and P387L were associated with modifications of lipid parameters in obese subjects. P303P TT carriers had lower apolipoprotein A1 levels than CT and CC carriers (1.25±0.09, 1.49±0.02 and 1.47±0.01 g/l in TT [n=8], CT [n=82] and CC [n=384] respectively, p=0.05). Furthermore, P387L T allele was associated with higher triglyceride (p=0.0003), apolipoprotein B (p=0.09) and lipoprotein a (p=0.0063) levels (Fig. 2) . We did not observe any association between P303P and P387L SNPs and the other clinical traits including BMI, WHR, systolic and diastolic blood pressure, and other metabolic parameters such as glycaemia, insulinaemia, insulin resistance indices and cholesterolaemia (data not shown).
We only found five allele T carriers of −109 C>T SNP. Compared with CC genotypes, these allele T carriers had lower waist to hip ratios (0.81±0.07 vs 0.93±0.004, p=0.016), systolic blood pressure (120±4.0 mm Hg vs 131±0.8 mm Hg, p=0.063) and diastolic blood pressure (60±0.6 mm Hg vs 76± 0.6 mm Hg, p=0.005). The −69 C>T variant was found in one non-diabetic obese subject. Only 15 family members of the proband could be analysed. Carri- For each SNP, we named "1/1" the homozygous wild-type genotype, "2/2" the homozygous mutated genotype and "1/2" the heterozygous genotype erogeneity, sample size or gene environment may contribute to variable association results. As previously done for PPARγ Pro12Ala SNP [29] , a meta-analysis taking account of several different populations should probably be carried out for this gene. Increasing numbers of concordant studies [18, 19, 20] in Caucasian populations, including ours, suggest that PTP 1B might contribute to obesity and metabolic syndrome traits. The association between PTP 1B SNP and obesity might be consistent with recent animal studies showing that PTP 1B could contribute to the enlargement of adipocyte stores and to the development of obesity [11, 13] . Among the French obese subjects, PTP 1B variants were also associated with obesity-related traits such as dyslipidaemia. P303P and P387L SNPs were associated with higher triglyceride, apolipoprotein B and lipoprotein a levels and lower lipoprotein A1 levels, which may confer increased atherogenicity on the carriers of the variant allele [30] . The fact that none of the PTP 1B variants were associated either with Type 2 diabetes development or with modified glucose/insulin parameters in our population merits consideration. Morbid obesity is evidently an insulinresistant state, and therefore it is highly possible that the potential effect of PTP 1B variants on carbohydrate metabolism could be masked [31] . The fact that PTP 1B polymorphisms had no significant effect on basal glucose/insulin parameters in our populations does not exclude the possibility that some allelic effects become apparent during the post-prandial state, dietary modification or therapeutic intervention.
In addition to its role in insulin sensitivity via insulin cascade protein dephosphorylation, PTP 1B may regulate lipogenic genes. PTP 1B may up-regulate SREBP-1 expression, thus mediating hepatic lipogenesis and postprandial hypertriglyceridaemia [15] . PTP 1B antisense treatment can also modulate fat storage and lipogenesis in adipose tissue [13] . Thus, the observed SNP-associated dyslipidaemia could result from modification of PTP 1B activity. IVS5+3666delT SNP might be functional or in LD with a nearby unidentified functional mutation. In the coding region, P387L was the only one to be studied at the functional level. This variant was associated with impaired phosphorylation of Serine 386, a target of a proline-directed p34 cdc2 protein kinase [18] . However, the phosphorylation role of Serine 386 in PTP 1B activity is unclear. Some authors have described a decreased PTP 1B activity when it is phosphorylated [32] , whereas others described the opposite [33] . Further studies are necessary to clarify P387L variant functional consequences on PTP 1B function. The two rare mutations, -69C>T and -109C>T, are located in the 5′UTR region, known to influence various aspects of mRNA metabolism (processing, export, stability and translational control) [34] . Comparison of human and mouse PTP 1B regions upstream of the ers of the rare T allele, three of the five children of the proband, showed trends of higher birthweight, BMI, maximal BMI reached, cholesterol, lipoprotein a and apolipoprotein B than CC genotypes in this family (data not shown).
Discussion
We identified four new variants in the PTP 1B gene in addition to the two polymorphisms in the coding sequence already reported. The new IVS5+3666delT SNP, with the highest allelic frequency, was associated with morbid obesity in this French cohort of 711 subjects. The association with morbid obesity was found in a situation where we compared two populations with extreme phenotypes (i.e. morbidly obese patients and healthy controls who had never been obese and thus could be considered supra-normal controls). In genetic study of complex diseases, selecting extreme phenotypes is a useful strategy because it confers more power on the analysis. Although this strategy was first proposed in a situation where the quantitative distribution of a given trait is analysed in a family context, it has been sugggested that the use of extremely discordant phenotypes is efficient in sample-based case control design [28] .
Allelic frequencies of −109C>T, P303P and P387L SNPs were increased in the obese group compared with the non-obese group. The allelic frequency of the previously found P387L mutation in the French population was very close to that described in the Danish population showing association in a subject with Type 2 diabetes. Many factors such as population het- ATG showed only 57.4% homology with several conserved GC-rich sequences [35] that contain these SNPs. Further functional analysis is necessary to appreciate the possible consequences of these rare SNPs on PTP 1B gene expression.
Our results support the hypothesis that PTP 1B polymorphisms contribute to obesity in obese French subjects. Moreover, PTP 1B SNPs may interact with environmental risk factors (obesity, diet etc.) to contribute to the development of several features of atherogenic dyslipidaemia in obese subjects.
